The combination of 13 C nuclear magnetic resonance (NMR) spectroscopy, gas chromatography (GC) (retention index), and gas chromatography-mass spectrometry was used to determine the chemical composition of essential oils of Piper guineense and Piper umbellatum from Côte d'Ivoire. Thus, 54 components, accounting for 91.5% to 97.6%, were identified in the essential oil from aerial parts of P. guineense. In P. umbellatum leaf oil, 49 compounds accounting for 92.8% to 98.7% were identified. Both plants oils were dominated by monoterpenes and sesquiterpenes, with α-phellandrene, (2E,6E)-farnesol, and linalool as major compounds of P. guineense, whereas the most abundant components of P. umbellatum were linalool and (E)-β-caryophyllene. (2E,6E)-Farnesol, identified for the first time in the essential oil from aerial parts of P. guineense, induced a new chemical composition. The genus Piper (Piperaceae) is made up of about 1050 species of tropical shrubs, lianas, and small trees, many of which are important as spices and flavoring agents and medicines.
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The essential oils of numerous Piper species have been analyzed and examined for biological activity. [2] [3] [4] [5] [6] Among the species growing wild in Côte d'Ivoire, Piper guineense Schumach & Thonn and Piper umbellatum L. produce an essential oil.
Piper guineense is a West African spice plant, commonly called Ashanti pepper. It is a climbing plant that can grow up to 20 m in length. In Côte d'Ivoire, it is used against cephalgia, like antidiarrheal, aphrodisiac, and antiseptic throat in oral and pharyngeal disorders. 7 It is also used in the West African area against rheumatism, stomach ache, and arterial hypertension. 8, 9 Piper umbellatum (synonym Potomorphe umbellata) is a hardy herbaceous plant or climbing shrub up to 4 m high. Its emmenagogic, anti-abortive, antihemorrhagic, and antihemorrhoidal properties, added to its activities on arterial hypertension and rheumatism, are exploited in herbal medicine. [7] [8] [9] [10] A few studies concerning the chemical composition of P. guineense and P. umbellatum essential oils have been reported in the literature. The composition of 2 samples of fruit oil of P. guineense from Cameroon was dominated by linalool, β-caryophyllene, limonene, and β-pinene. Germacrene B and limonene were the most abundant compounds of the leaf essential oil of P. guineense, whereas that of the lianas is dominated by (Z,E)-α-farnesene, limonene, and myristicine. 11, 12 A sample of fruit oil of Nigerian origin contained linalool as major component. 13 In São Tomé and Principe, the essential oil from aerial parts mainly consists of phenylpropanoid derivatives: dillapiole and myristicine. 3 Concerning P. umbellatum, leaf oil contained mainly sesquiterpenes, such as β-caryophyllene, germacrene D, (E)-nerolidol, or β-elemene. 11, [14] [15] [16] Leaf oil sample from Cuba differed markedly, its composition being dominated by safrole. Fruit oil of Nigeria is dominated by sabinene, linalool, α-pinene, and (E)-nerolidol. 11 The essential oil from aerial part from São Tomé and Principe has β-pinene, α-pinene, and (E)-nerolidol as main constituents.
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Continuing our work on the characterization of aromatic and medicinal plants growing wild in Côte d'Ivoire, through the chemical composition of their essential oils, [17] [18] [19] [20] [21] [22] [23] the aim of the present study was to characterize the essential oil from aerial parts of P. guineense and the leaf oil of P. umbellatum and to observe homogeneity or eventual variability in the chemical composition.
Essential Oil From Aerial Parts of Piper guineense
Fifty-four components, accounting for 91.5% to 97.6% of the whole composition, were identified (S1-S10) using GC (retention index), GC-MS, and 13 C NMR. This essential oil was mainly constituted by monoterpenes (14.7%-76.8%) and sesquiterpenes (20.4%-72.8%). The monoterpenes were dominated by α-phellandrene (up to 31.4%) and linalool (up to 22.6%). (Z)-β-Ocimene (up to 9.5%) and β-phellandrene (up to 8.2%) appeared in appreciable content in certain samples. The most abundant sesquiterpenes were (2E,6E)-farnesol (up to 24.6%) and β-elemene (up to 13.9%). In some samples, trans-calamenene (up to 8.7%; stereochemistry confirmed by NMR), (E)-β-caryophyllene (up to 7.7%), α-humulene (up to 7.3%), and β-bisabolene (up to 5.0%) showed significant amounts ( Table 1) .
We demonstrated in a previous work that germacrene A, B, and C rearranged partially or totally during GC analysis into β-, γ-, and δ-elemene, respectively, through a thermal Cope rearrangement. 22 The same phenomenon was observed herein. According to the NMR spectra of the 3 essential oil samples (S1, S2, and S4), β-elemene is accompanied by germacrene A. The ratio of β-elemene/germacrene A was evaluated as 4.3/1 by comparing the mean intensities of the signals of same methine and methylene carbons of both compounds in the 13 C NMR spectra. Similarly, germacrene B partially isomerizes to γ-elemene during GC analysis.
The chemical composition of P. guineense, of samples S3 to S8, is dominated by the association of α-phellandrene and (2E,6E)-farnesol. However, various chemical compositions, with 2 or 3 majority compounds can be observed. This variability, quantitative as well as qualitative, results in the considerable variation of the contents of certain components on the one hand, and the presence of compounds in some samples which missed the majority of the samples, on the other hand. The most relevant examples are those of ishwarol B, guaiol, germacrene A, and germacrene B. Moreover, samples S7 to S10 differ from the other samples by their high proportions of (Z)-and (E)-β-ocimenes.
On the basis of percentages of main compounds, the present study showed a difference between the chemical composition of P. guineense from Côte d'Ivoire and those related to the literature. 3, [11] [12] [13] In fact, (2E,6E)-farnesol, a major component of the essential oil from Côte d'Ivoire, missed those of the literature. In the same way, except α-phellandrene (8.2%) in the aerial part essential oil of P. guineense from São Tomé and Principe, the most abundant compounds in this country, dillapiole (44.8%) and myristicine (9.8%), are not present in any sample from Côte d'Ivoire.
3 Moreover, the leaf essential oil of P. guineense from Cameroon is dominated by germacrene B (25.1%), which is in very low proportion, or missing in the majority of the samples from Côte d'Ivoire except samples S1 and S2 (5.0% and 3.7%, respectively). The other major components of the Cameroonian essential oil are limonene (10.3%) and δ-elemene (8.8%).
11 If limonene contents reached 6.0% in our samples, δ-elemene is absent from the chemical composition of P. guineense from Côte d'Ivoire. Thus, the Ivorian P. guineense showed original chemical compositions dominated by different couples of compounds: α-phellandrene/ (2E,6E)-farnesol; linalool/(2E,6E)-farnesol; linalool/β-elemene or by the combination of 3 compounds: α-phellandrene/linalool/(2E,6E)-farnesol.
Leaf Essential Oil of Piper umbellatum
Forty-nine compounds accounting for 92.8% to 98.7% were identified from the 10 samples of P. umbellatum leaf essential oil (S1-S10). The chemical composition of this essential oil is dominated by monoterpenes (49.1%-71.6%). The prevalent monoterpenes are linalool (15.8%-41.1%), limonene (6.3%-38.6%), and thymol (up to 25.0%). However, the other monoterpenes appeared with considerable proportions in some samples: β-pinene (7.3% and 7.7%) and α-pinene (6.8% and 6.9%), respectively, in samples S6 and S8; and camphor (3.5% in sample S6). The sesquiterpenic fraction is dominated by (E)-β-caryophyllene (13.1%-25.1%) followed by (E)-nerolidol (2.1%-6.3%) and germacrene D (1.0%-3.7%). (E)-Phytol, a diterpene, is also present with appreciable contents (0.6%-3.6%) in all samples ( Table 2) . These results showed a high content of linalool (15.8%-41.1%) and (E)-β-caryophyllene (15.8%-25.1%) in all samples. The content of limonene (6.3%-38.6%) and thymol (0.0%-25.0%) varied substantially. Then, the sample S4 exhibited an atypical composition with thymol as a major component. Taking into account the other major components, the essential oil of P. umbellatum presented different chemical compositions. characterized by the association of 2 or 3 components: linalool/(E)-β-caryophyllene (S2, S3, S7, and S9); linalool/(E)-β-caryophyllene/limonene (S1 and S5); linalool/limonene/ (E)-β-caryophyllene (S6 and S8); and limonene/linalool/(E)-β-caryophyllene (S10).
In comparison to the previous works, apart from thymol, present in low content in the results related to the literature, the chemical composition of the leaves of P. umbellatum from These essential oils, as well as those of Côte d'Ivoire, were mainly made up of linalool, limonene, (E)-β-caryophyllene, β-pinene, α-pinene, and (E)-nerolidol. However, from a quantitative point of view, the leaf essential oils from South America were distinguishable from those of Côte d'Ivoire. Indeed, the samples of South America showed more or less high proportions of germacrene D (7.9%-55.8%) which was low in our samples. (E,E)-α-Farnesene, bicyclogermacrene, δ-cadinene, and (E)-nerolidol were also present with acceptable contents in essential oils from Brazil, Costa Rica, and Cuba. The essential oil of the leaves from Cuba was characterized by the high content of safrole (48.7%), which is insignificant (0.0%-0.2%) among those of Côte d'Ivoire.
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The essential oil composition of P. guineense (aerial parts) and P. umbellatum (leaves) from Côte d'Ivoire was investigated. Although linalool was present in appreciable amount in all samples, both essential oils differed by other main constituents. The aerial part of P. guineense exhibited an original chemical composition, dominated by α-phellandrene, (2E,6E)-farnesol, linalool, and β-elemene, whereas the most abundant components of ′P. umbellatum were linalool and (E)-β-caryophyllene.
Experimental

Plant Material
Ten individual samples of fresh aerial parts of P. guineense were collected in the Yapo-Abbé forest (5°43′20.7″N and 4°08′23.2″W), in the southeastern Côte d'Ivoire. Samples (S1 and S2) were collected in May, samples (S3-S6) in June, and samples (S7-S10) in September 2016. Ten individual samples of fresh leaves of P. umbellatum were collected in the south-eastern Côte d'Ivoire. Samples (S1-S5) were collected in June, in the Yapo-Abbé forest and samples (S6-S10) in August 
Essential Oil Isolation
The essential oil isolation was carried out by hydrodistillation with a Clevenger-type apparatus for 3 hours. The essential oil was dried over anhydrous sodium sulfate and stored (5°C). Both plants produced a pale yellow essential oil with the following yields (w/w calculated on fresh weight basis): P. guineense (0.09%-0.17%) and P. umbellatum (0.01%-0.02%).
Analytical GC, GC-MS, 13 C-NMR analysis and identification of individual components is as previously reported. 
